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0 Grounding system for IC cards. 

@ An IC card (10) includes a generally planar cir- 
cuit substrate with at least one electrical component 
mounted thereon. A receptacle connector (12), in- 
cluding receptacle terminals (18), is mounted at an 
edge of the circuit substrate (16). A cover member 
(34,36) is mounted about the circuit substrate. The 
cover member has a conductive portion for engaging 
a corresponding ground contact on the mating elec- 
trical apparatus. A ground circuit pad (30) is pro- 
vided on one surface of the circuit substrate. A 
separate spring-loaded grounding terminal (50) con- 
ductively couples the ground circuit pad and the 
conductive portion of the cover member to provide 
design flexibility and shock absorbing means to the v 
IC card upon assembly. 
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Field of the Invention 

This invention generally relates to the art of IC 
cards and, particularly, to an improved grounding 
system for an IC card. 

Background of the Invention 

Generally, IC cards or packs, such as memory 
cards, are data input devices which are electrically 
connected to an electronic apparatus or storage 
device, such as a word processor, personal com- 
puter or other electronic apparatus. The data stored 
in the IC card is transferred to the electronic ap- 
paratus. Memory cards are portable instruments 
which are readily inserted and extracted from a 
connector which may be used with the IC card for 
removably coupling the IC card to a printed circuit 
board, for instance. 

An IC card may include a frame which usually 
is generally rectangular and includes an opening in 
either a top surface or a bottom surface thereof or, 
in some constructions, in both surfaces. The open- 
ing receives a circuit substrate, and a cover closes 
the opening and encloses the circuit substrate with- 
in the frame. In other IC cards, a separate frame is 
not used, and the circuit substrate simply is sand- 
wiched between a pair of cover members. This 
assembly is typically held together by an adhesive 
material. 

The IC card conventionally comprises a printed 
circuit board assembly including a generally planar 
substrate with at least one electrical component 
mounted thereon. The electrical component(s) may 
include semiconductor devices, integrated circuits, 
batteries or the like. The components are typically 
surface mounted to the planar substrate, on one or 
both sides thereof and, due to the surface mount 
nature of the components, can be vacuum or 
robotically "picked and placed" for completely 
automated assembly of the IC card. Because of its 
portable nature, it is important for the IC card to 
remain lightweight and compact. Thus, all compo- 
nents, both structural and electrical, must remain 
small (i.e. occupying minimal substrate real estate). 

Due to the fact that the assembled card gen- 
erally is a portable instrument and often carried on 
a human body, one problem typically associated 
with IC cards involves the build-up of electrical 
charges during handling. When a card bearing 
charges is inserted into an electronic apparatus or 
the connector thereof, the charges flow to the elec- 
tronic apparatus through the connecting terminals 
of the connector. The charges, commonly referred 
to as electrostatic discharge, or ESD, can result in 
damage to or ultimate failure of the integrated 
circuits or other circuit elements on the card as 
well as the electronic apparatus itself. 



Consequently, structures have been embodied 
in IC cards and/or their mating connectors for re- 
moving static electrical charges stored in the cards. 
The card typically includes a grounding circuit 
5 which is connected to the ground of the electronic 
apparatus. For instance, ground clips may be incor- 
porated in an IC card frame and coupled to a 
grounding circuit location on the edge of the inter- 
nal circuit substrate. The clip then is exposed at a 
70 predetermined location on the outside of the frame 
to engage a grounding contact within a card-receiv- 
ing connector at a corresponding location therein. 
Such configurations, because of the predetermined 
location of the clip and corresponding ground ter- 
75 minal on the connector, do not allow much flexibil- 
ity in the design of the circuit substrate in terms of 
locating the grounding pad on the circuit substrate 
or locating the grounding area on the finally assem- 
bled card. Furthermore, in the case where the 
20 cover members are fabricated substantially of con- 
ductive material, unless the cover members are 
electrically coupled to one another and to the 
grounding circuit, the IC card may act more like an 
antenna than a shield, and consequently cause 
25 further interference with the electrical functioning of 
the card and the underlying apparatus. 

The present invention is directed to solving the 
above problems by providing a simple stamped 
and formed grounding terminal which is soldered to 
30 a ground pad of the internal circuit substrate and 
resiliency coupled directly to one or both cover 
members of the IC card, which are at least partially 
conductive. The grounding terminal provides in- 
creased design flexibility by allowing the terminal 
35 and the corresponding ground pad to be located 
anywhere on the circuit substrate. Both cover 
members of the IC card may be fabricated entirely 
of metal and thereby provide an enclosure which 
offers increased EMI capabilities and improved 
40 grounding functions. As few as one grounding ter- 
minal may be used, or one or two terminals may 
be used on each side of the substrate to both 
improve EMI performance and to act as a shock 
absorber within the IC card assembly. Such a de- 
45 sign reduces costs, improves grounding capabil- 
ities and increases design flexibility. All of these 
advantages are not afforded by prior art IC card 
designs. 

so Summary of the Invention 

An object, therefore, of the invention is to pro- 
vide a new and improved IC card of the character 
described above and including a novel grounding 
55 system. 

In the exemplary embodiment, the invention is 
incorporated in an IC card assembly comprising a 
printed circuit board assembly which includes a 
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generally planar circuit substrate with electrical 
components mounted thereon. A receptacle con- 
nector, having receptacle terminals, is mounted at 
an edge of the circuit substrate. A pair of cover 
members sandwich the circuit substrate there- 5 
between and leave at least a mating face of the 
receptacle connector exposed for connection to an 
appropriate mating electrical apparatus. 

The invention contemplates that at least a por- 
tion of. one of the cover members on one side of w 
i the circuit substrate be fabricated of conductive 

material for electrically connecting to a correspond- 
ing ground on the mating electrical apparatus. An 
electrical circuit, including a ground circuit, is pro- 
vided on the one surface of the circuit substrate, 75 
typically via printed conductive traces. A grounding 
terminal is adapted to electrically connect the 
ground circuit to the conductive portion of the 
cover member. 

As disclosed herein, the grounding terminal is 20 
a stamped and formed sheet metal component in 
the form of a generally C-shaped spring clip spring 
loaded between the circuit substrate, and specifi- 
cally the ground circuit, and the conductive portion 
of the cover member. The spring clip includes a 25 
first end or base portion soldered to the ground 
circuit, and a second end, defining a contact area, 
adapted to engage the cover member. The contact 
area provides a high pressure connection between 
the substrate and cover. The spring loaded clip 30 
may also provide a shock absorbing means for the 
internal printed circuit board assembly. The 
grounding terminal may be positioned on the circuit 
substrate at any point along the ground circuit. 

Both cover members may be fabricated sub- 35 
stantially entirely of conductive material, and a 
ground circuit may be printed on each surface of 
the circuit substrate. One of the grounding termi- 
nals is provided between each ground circuit and 
the respective cover member on the respective 40 
surface of the circuit substrate. Again, the ground- 
ing terminals are spring clips that are spring loaded 
between the circuit substrate and the respective 
cover member to provide shock absorber means 
for the circuit substrate. 45 
Other objects, features and advantages of the 
* invention will be apparent from the following de- 

tailed description taken in connection with the ac- 
companying drawings. 

50 

Brief Description of the Drawings 

The features of this invention which are be- 
lieved to be novel are set forth with particularity in 
the appended claims. The invention, together with 55 
its objects and the advantages thereof, may be 
best understood by reference to the following de- 
scription taken in conjunction with the accompany- 



ing drawings, in which like reference numerals 
identify like elements in the figures and in which: 
FIGURE 1 is an exploded perspective view of an 
IC card embodying the concepts of the inven- 
tion; 

FIGURE 2 is an isolated perspective view of one 
of the grounding terminals secured to a ground 
circuit on the circuit substrate; 
FIGURE 3 is a side elevational view of the 
grounding terminal of Figure 2, looking in the 
direction of line 3-3 in Figure 2; 
FIGURE 4 is a side elevational view showing two 
grounding terminals on opposite sides of the 
circuit substrate, with the terminals spring load- 
ed between the two cover members; 
FIGURE 5 is a perspective view of a second 
embodiment of the grounding terminal; 
FIGURE 6 is a side elevational view, of the 
grounding terminal of Fig. 5; 
FIGURE 7 is a perspective view of a third em- 
bodiment of the grounding terminal; 
FIGURE 8 is a side elevational view of the 
grounding terminal of Fig. 7; 
FIGURE 9 is a perspective view of a fourth 
embodiment of the grounding terminal; and 
FIGURE 10 is a side elevational view of the 
grounding terminal of Figure 9. 

Detailed Description of the Preferred Embodiment 

Referring to the drawings in greater detail, and 
first to Figure 1, the invention is embodied in^an IC 
card assembly, generally designated 10, which is 
provided as a data input device, such as a memory 
card, for connection to an electronic apparatus, 
such as a word processor, personal computer or 
other electronic apparatus (not shown). The data 
stored in memory card 10 is transferred to the 
electronic apparatus through receptacle terminals 
within elongated receptacle connector 12 which is 
edge mounted to a circuit substrate, generally des- 
ignated 16. 

Receptacle connector 12 is elongated and 
mounts a plurality of receptacle input terminals 18. 
The terminals mechanically and electrically engage 
contact pads 20 on circuit substrate 16. Receptacle 
input terminals 18 may include a pair of receptacle 
ground terminals 18a for electrically coupling to a 
pair of ground pads 20a, as described in more 
detail below. Various electrical components or cir- 
cuit elements 24 are surface mounted on substrate 
16, along with circuit traces 26 leading to contact 
pads 20 located near the leading or front edge 28 
of the substrate. This edge is coupled to receptacle 
connector 12, and the receptacle connector is inter- 
connectable with an electrical connector, such as a 
header connector, mounted on a printed circuit 
board of the electronic apparatus to which data 
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stored in the memory card is transferable. For 
purposes to be described in greater detail 
hereinafter, an electrical circuit is provided on the 
surface of the substrate 16. The electrical circuit 
includes a ground circuit to ground the substrate to 
the underlying apparatus. The ground circuit in- 
cludes a pair of ground pads 30, which may be 
electrically coupled to ground traces 32, and which 
may include ground pads 20a to be engageable by 
ground terminals 18a of receptacle 12. The ground 
circuit will be described in more detail below. 

The above description of circuit substrate 16 is 
generally conventional, except for the particular 
ground circuit, and, consequently, the depiction of 
the circuit substrate is not in complete detail. How- 
ever, it should be understood that electrical compo- 
nents or circuit elements 24 may comprise semi- 
conductor devices, batteries, and other parts of 
integrated circuits from which stored data is trans- 
ferred to the electronic apparatus. 

Still referring to Figure 1, IC card assembly 10 
includes a pair of cover members 34 and 36 which 
sandwich circuit substrate 16 therebetween. The 
cover members may have integral peripheral 
flanges 38 which space the panels from circuit 
substrate 16, along with open areas 40 at the front 
of the panels for accommodating receptacle con- 
nector 12, or the substrate assembly may be ac- 
cepted within a frame member (not shown) around 
which cover members are mounted. In either con- 
figuration, a mating face 42 of the receptacle is 
exposed for connection to the corresponding mat- 
ing electronic apparatus, by way of a header con- 
nector or the like. Although the invention contem- 
plates that a portion of cover members 34 and 36 
may be of conductive material for engaging the 
grounding terminal of the invention, described 
hereinafter, the preferred embodiment of the inven- 
tion contemplates that cover members 34 and 36 
be substantially entirely fabricated of conductive 
material. This provides a shielding enclosure about 
the circuit substrate and, therefore, offers increased 
EMI capabilities. 

The invention contemplates the provision of at 
least one grounding terminal (two are shown in Fig. 
1), generally designated 50, which is generally C- 
shaped and which is secured between the ground 
pad 30 and at least one of the cover members 34 
(36). It should be understood that as few as one 
grounding terminal 50 may be used on only one 
side of the circuit substrate, or a plurality of 
grounding clips may be used on one or both sides' 
of the circuit substrate to improve EMI perfor- 
mance. 

In a first embodiment of the invention, and 
referring first to Figures 2 and 3 in conjunction with 
Figure 1, each grounding terminal 50 includes a 
first end defining a generally flat base portion 50a 



which is soldered or otherwise mechanically se- 
cured to a respective ground pad 30. An arm 
portion 50b projects upwardly and back over base 
portion 50a in a cantilevered fashion, and the arm 
5 portion terminates in a second end which includes 
a reverse-bend lip or hook portion 50c and which 
defines a curved or rounded contact area 50d 
generally above base portion 50a and adapted to 
engage one of the cover members. The curved 
w contact area 50d provides a high pressure connec- 
tion between the ground circuit and the cover 
members and ensures an adequate grounding path 
therebetween. 

The invention further contemplates that each 
15 grounding terminal 50 be a spring clip that is 
spring loaded between the circuit substrate and the 
respective cover member to provide a shock ab- 
sorbing means for the circuit substrate. Therefore, 
the spring clips can be conveniently stamped and 
20 formed of sheet metal materia! so that arm portions 
50b of the terminals are deflectable relative to base 
portions 50a which are secured to ground pads 30. 

Figure 4 shows one grounding terminal 50 
mounted on each opposite surface of circuit sub- 
25 strate 16. The grounding terminals, again, are se- 
cured to respective ground pads 30 of ground 
circuit 32. Cover members 34 and 36 are shown in 
assembled condition relative to substrate 16, 
whereby grounding terminals 50 are spring loaded 
30 and biased between the circuit substrate and the 
respective cover member. This can be seen by 
comparing grounding terminals 50 in their spring 
loaded condition shown in Figure 4 with the 
grounding terminals in their undeflected condition 
35 shown in Figures 2 and 3. As stated above, one or 
a plurality of the grounding terminals may be pro- 
vided on one or both sides of the circuit substrate. 
By providing at least one grounding terminal on 
each side of the circuit substrate, an effective 
40 shock absorbing means can be provided. 

Figures 5 and 6 show a second embodiment of 
a grounding terminal 50* substantially equivalent to 
the grounding terminal shown in Figs. 1-4 but 
which includes a stabilizing leg 50e' for soldering 
45 ' or otherwise being retained within a hole 52 of 
circuit substrate 16. The leg provides increased 
mechanical retention of the grounding terminal with 
respect to the circuit substrate 16. 

Referring now to Figures 7 through 10, two 
50 additional embodiments are shown which are 
adapted for automated assembly of an IC card or 
other circuit substrate assembly. Specifically, Fig- 
ures 7 and 8 show a grounding terminal 50" similar 
to grounding terminals 50 and 50* but with a hori- 
55 zontal section along a segment of arm portion 50b" 
which defines a gripping surface 50f M for picking 
and placing the grounding terminal by a vacuum or 
automated means, since an inclined surface would 
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not easily be gripped by a standard downwardly 
extending vacuum head. 

Similarly, Figures 9 anc «0 show a fourth em- 
bodiment of a grounding terminal 50"' with a hori- 
zontal section which extends from contact area 5 
50d"' and which defines a gripping surface 50f ,M 
for picking and placing the grounding terminal by a 
vacuum head. Grounding terminal 50'" further in- 
cludes a surface mount tab 50g ,M adapted to be 
soldered to the surface of the circuit substrate for u 
increased stability and retention of the grounding 
terminal to the circuit substrate. 

During assembly of the IC card, due to the 
general shape of the grounding terminal, and spe- 
cifically the relative positioning of the arm portion n 
50b with respect to the base portion 50a, the 
grounding terminal may be mounted to the sub- 
strate during the processing of the substrate with- 
out additional fixturing or secondary attachment 
components or methods. That is to say, grounding 2 
terminal 50 is stabilized by base portion 50a and 
can stand alone during reflow soldering of the 
substrate assembly. After assembly of the compo- 
nents to the electrical circuit of substrate 16 and, 
specifically, of grounding terminals 50 to ground 2 
pads 30, receptacle connector 12 is mounted to the 
circuit substrate and cover members 34 and 36 are 
assembled to the circuit substrate, about the recep- 
tacle connector, to bias grounding terminals 50 into 
their spring loaded condition. The cover members c 
are secured together adhesively or by other appro- 
priate means. IC card 10 then is in assembled 
condition for insertion into an appropriate mating 
electrical apparatus, such as a header connector of 
a known configuration (not shown), and conductive : 
cover members 34 and 36 can engage a cor- 
responding grounding element on the mating elec- 
trical apparatus. For instance, as is well known in 
the art, IC card 10 is insertable into a header 
connector with the side edges of the IC card riding 
within a pair of slots or channels facing inwardly at 
opposite sides of the header connector. It is known 
to provide grounding contacts within these chan- 
nels and with which the conductive cover members 
may be engageable. Therefore, the ground circuit 
of circuit substrate 16 can be electrically connected 
through at least one grounding terminal, through 
the corresponding conductive cover members, and 
through the grounding contacts on the header con- 
nector to a ground circuit of the underlying elec- 
tronic apparatus. In the alternative, or in addition to 
the above grounding arrangement, as discussed 
above, the ground circuit may include grounding 
traces 32 which are electrically coupled to ground 
pads 20a which, in turn, are engageable by recep- 
tacle ground terminals 18a and which are adapted 
to be electrically coupled to corresponding ground 
terminals on the mating header connector. In this 



arrangement, the ground circuit on the circuit sub- 
strate is therefore connected to the grounding cir- 
cuit of the underlying apparatus through the mating 
interface of the IC card and the mating header 
connector, i.e. between the receptacle and header 
connectors. Note that the engagement of the re- 
ceptacle ground terminals 18a to the corresponding 
ground terminals of the mating header connector 
should be made prior to the engagement of the 
input terminals 18 to the corresponding input termi- 
nals of the mating header connector so that elec- 
trically static charges may be discharged prior to 
mating the input connectors. To achieve this func- 
tion, ground terminals 18a may be made longer 
than input terminals 18 so that the IC card is 
grounded to the mating header connector prior to 
engagement of the respective input terminals. 

From the foregoing, it can be understood that 
grounding terminal 50 performs dual functions with- 
in the structure of IC card assembly 10, namely: (1) 
facilitating grounding of the IC card to remove 
static electrical charges therefrom and (2) providing 
a shock absorbing means for the circuit substrate. 
In addition, the grounding terminal may be located 
anywhere on the circuit substrate to increase de- 
sign flexibility of the IC card assembly. 

It will be understood that the invention may be 
embodied in other specific forms without departing 
from the spirit or central characteristics thereof. 
The present examples and embodiments, there- 
fore, are to be considered in all respects as illustra- 
tive and not restrictive, and the invention is not to 
be limited to the details given herein. 

Claims 

1. In an IC card assembly for mating to a card- 
receiving connector, the IC card including 

a circuit substrate having an electrical cir- 
cuit printed on a surface thereof, the electrical 
circuit including a ground circuit, 

a cover member mounted about the circuit 
substrate, 

a grounding terminal for providing a 
ground connection between the ground circuit 
and the card-receiving connector, 

the improvement comprising: 

said grounding terminal including a cantile- 
ver beam having a first generally flat end 
mounted to the surface of the circuit substrate, 
a second generally curved end resiliently en- 
gaging a conductive portion of the cover mem- 
ber and providing a high pressure connection 
thereto, 

and an arm section extending between 
said first end and said second end, said arm 
portion formed generally toward said first end 
so that the second end is located generally 
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above the first end, 

wherein the grounding terminal electrically 
couples the ground circuit to the cover mem- 
ber. 

5 

In an IC card assembly as set forth in claim 1 
wherein said grounding terminal comprises a 
spring clip that is spring loaded between the 
circuit substrate and the cover member to pro- 
vide a shock absorbing means for the circuit w 
substrate. 

In an IC card assembly as set forth in claim 1, 
wherein the cover member is substantially en- 
tirely formed of a conductive material. 15 

In an IC card assembly as set forth in claim 1 
further comprising a segment of the ground 
circuit located on opposed surfaces of the cir- 
cuit substrate, wherein a grounding terminal is 20 
provided on each surface for coupling the 
ground circuit to the cover member on the 
respective surface of the circuit substrate. 

In an IC card assembly as set forth in claim 4 25 
wherein each grounding terminal comprises a 
spring clip that is spring loaded between the 
circuit substrate and the respective cover 
member to provide shock absorber means for 
the circuit substrate. 30 

In an IC card assembly as set forth in claim 1 , 
including a plurality of grounding terminals on 
the one surface of the circuit substrate. 

35 

In an IC card assembly which includes a gen- 
erally planar circuit substrate with at least one 
electrical component mounted thereon, a re- 
ceptacle connector mounted near an edge of 
the circuit substrate, and a pair of cover mem- 40 
bers mounted about opposed surfaces of the 
circuit substrate, 

wherein the improvement comprises 

at least a portion of one of said cover 
members being of conductive material for en- 45 
gaging a corresponding ground contact on a 
mating electrical apparatus, 

a ground circuit on one surface of the 
circuit substrate adjacent the conducting por- 
tion of the one cover member, and so 

a generally C-shaped grounding terminal 
coupled between the ground circuit and the 
conductive portion of the one cover member, 

said grounding terminal including a cantile- 
ver beam having a first generally flat end me- 55 
chanically coupled to a portion of the ground 
circuit, a second generally curved end resil- 
iency engaging the conductive portion of the 



one of said cover members and providing a 
high pressure connection thereto, 

and an arm section extending between 
said first end and said second end, said arm 
portion formed generally toward said first end 
so that the second end is located generally 
above the first end. 

8. In an IC card assembly as set forth in claim 7 
wherein said grounding terminal comprises a 
spring clip that is spring loaded between the 
circuit substrate and the conductive cover 
member to provide a shock absorbing means 
for the circuit substrate. 

9. In an IC card assembly as set forth in claim 7 
wherein at least a portion of both of said cover 
members are of conductive material, and in- 
cluding a segment of the ground circuit on 
each opposite surface of the circuit substrate, 
and wherein one of said grounding terminals is 
provided on each surface for coupling the 
ground circuit to the respective conductive por- 
tions of the cover members. 

10. In an IC card assembly as set forth in claim 7, 
including a plurality of said grounding termi- 
nals on said one surface of the circuit sub- 
strate. 

11. In an IC card assembly as set forth in claim 7, 
wherein said first end defines a base portion 
mounted on a grounding pad of the ground 
circuit, said second end defines a curved con- 
tact area and a reverse bend hook portion, and 
said arm portion extends between said first 
and second ends at an acute angle relative to 
said base portion. 

12. In an IC card assembly as set forth in claim 

11, wherein the grounding terminal further 
comprises stabilizing means formed in said 
base portion for increased stability and reten- 
tion of the grounding terminal with respect to 
the circuit substrate 

13. In an IC card assembly as set forth in claim 

12, wherein said stabilizing means comprises a 
downwardly projecting stabilizing leg adapted 
to be secured within a corresponding hole in 
the circuit substrate. 

14. In an IC card assembly as set forth in claim 

13, wherein said stabilizing means comprises a 
surface mount tab adapted to be secured to 
the surface of the circuit substrate. 
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15. In an IC card assembly as set forth in claim 7, 
wherein said arm portion includes a substan- 
tially horizontal section therealong which pro- 
vides a gripping surface for a vacuum nozzle. 
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